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[57] ABSTRACT 

An active pixel image sensing device that provides uniform 
integration periods and either indep^d^t^ixeJ~reset,"row/ 
,pixelJre^t^or~cokM 

ipfegdegctor~elem ents arran ged'ilualmatrix-o f- rows - and 
columns? each of the photodetectors having a transfer gate 
operatively connecting the photodetectors to a floating dif- 
fusion and further including a reset and clamp and sample 
function. A reset transistor for each row of photodetectors 
having a gate that can have a predetermined voltage applied 
to reset each row, and a column reset transistor for each 
column of photodetectors having a gate that can have a 
predetermined voltage applied to reset each column. This 
allows for uniform integration periods and a signal sample 
and clamp circuit for the entire array of photodetectors. 

16 Claims, 1 Drawing Sheet 
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ACTIVE PIXEL SENSOR WITH SINGLE which is connected to the gate of SIG. This signal is read out 

PIXEL RESET by selecting the desired row (turning on the desired Row 

Select Signal by application of a "on- voltage" to the gate of 
FIELD OF THE INVENTION Row Select Transistor), and then selecting each column 

m . . , , , 5 separately. This signal level is stored on a capacitor in a 

n^l ** n\° foT 0 a PP hcatl011 number 60/018 ' clamp and sample circuit at the bottom of each column. The 
085, filed May 22, 1996. floating diffusion is then reset by turning on the Reset for 

The invention relates generally to the field of solid state ^ row? by a ppiy mg the appropriate on-voltage to Reset 
image sensors, and specifically, the invention relates to Gate Yh& { reset [ cvc j i s { fc u storec j on a separa te capacitor 
active pixel sensors. 10 m me damp and sample amplifier, and differenced with 

DA^n^nKm r*c nm .m/cMnnM signal level, providing offset cancellation for each pixel. 

BACKGROUND OF THE INVENTION ~f. * j c *u ■ • 

This entire operation is then repeated for the remaining 

APS are solid state imagers where each pixel contains a rows, with each row having the same integration time, 
photo-sensing means, charge to voltage conversion means, The present invention provides a reset mechanism that has 

reset means, and all or part of an amplifier. They have some 15 the capability to reset all pixels simultaneously, or a single 
advantages over charge coupled device imagers (CCD), pixel at a time. This mechanism also provides simultaneous 
including single 5 V supply operation, x-y addressability, and and equal integration times for each pixel. Furthermore, the 
on-chip signal processing. reset mechanism of the present invention allows the use of 

APS are solid state imagers where each pixel contains a a single clamp and sample amplifier per device rather than 

photo-sensing means, charge to voltage conversion means, 20 requiring a separate clamp and sample device for every 
reset means and all or part of an amplifier. Because of the column. Two physical embodiments of the new pixel archi- 
approach used in resetting the pixel^PSJ device s have been7 tectures are shown in FIGS. 2A and 2B. Other specific 
operate"d^in"a~manrief^here^^liline or row of thejma ger 7 physical embodiments are realizable. These two are chosen 
is~mteggttgd, reset.. andggcLgut^ for illustration. 

thl5~eacb of the rem aininglines.or roy/sT Hence if one were 25 i n the first architecture (shown in FIG. 2 A), the pixel 
reading out the entire imager, each line would have captured comprises an additional reset transistor with a Column Reset 
the scene at a different point in time. Since illumination Gate. The original Reset Gate in FIG. 1 is a Row Res et Gate 
conditions can and do vary temporally, and since objects in in the present invention as seen in FIG. 2A. (ItJias-an? 
the scene may also be moving, this method of read out can /adm^olian^rfransistor_ when ^mpared^to^the^pr ior-ar t^ 

produce line artifacts in the resulting representation of the 30 (pixeLTiru^ ^ 
imager. This limits the usefulness of APS devices in appli- (^olurnn Reset jG^^ 
cations where high quality motion or still images are ^JDS^QoIr^S^e^pixeL^ 
required. ^applyjn]Tifiil[o^^ 

Additionally, this method of operation (reset and read a /R ^rGa te^ij^tan^ by pixel reset is accom- 

row at a time), requires that each column of the device have 35 plished by using the column read signal as the Column Reset 
a separate clamp and sample amplifier. It is often the Gate signal, and applying the Row Reset Gate on-signal 
physical size of this amplifier as realized in the process used after the signal level of the pixel has been read. Now, since 
to fabricate the device that limits the pixel size of the sensor. the reset signal for that pixel is available immediately after 
Id order to build high resolution, small pixel APS devices, it reading the signal level, without resetting the other pixels in 

is necessary to use suborn CMOS processes to realize the 40 that row, a single clamp and sample amplifier can be used, 
same resolution and sensitivity APS device when compared Additionally, frame integration has been accomplished, 
to a standard charge coupled device (CCD) sensor. The ^InTIG^B anothef^fijec 
minimum pixel size of an APS device is typically 15 x to 20x Reset Gate^ignaFis^^pl^ 

of the minimum feature size of the process technology used, ^ (Transistor,^ndihejColu^ 

compared to 5x to lOx for a CCD device. ^trie^a te^f jg^e^TTr^sistor! Operation is the same as that 
From the foregoing discussion, it should be apparent that described above, egge prthat one tran sistor is use d inste ad^? 
there remains a need within the art of APS devices for the (two/ and will take up less area than the architecture in FIG. 
provision of a reset mechanism thaVpr^deTthe^apability^ 1A. If separate digital and analog VDD busses are used for 

tojres^tlalllpixelsTsirmU 50 the prior art pixel, the architecture of FIG. 2B will have the 
(providmg"reset~of~a~pixel-at20ime? Additionally, there same number of transistors and busses as the prior art pixel, 
remains a need in the aifforTckcuirdesign that will provide so there is no sacrifice of fill factor to attain the pixel by pixel 
simultaneous and equal integration times of each pixel and reset. 

enable use of a single clamp and sample amplifier per device These and other aspects, objects, features, and advantages 

rather than per column. 55 0 f the present invention will be more clearly understood and 

appreciated from a review of the following detailed descrip- 

SUMMARY OF THE INVENTION ^ of ^ preferred em5odiments and ap £ nded claims> J d 

The present invention relates to the field of solid state by reference to the accompanying drawings, 

photo-sensors and imagers, specifically imagers referred to AnvAWTArcnnc rcrcrr -rue 

as activ e pixel sensors (APS). gc55iists3f^w:pjglo 60 ADVANTAGEOUS EFFECT OF THE 

aTClutecture_and_res eLm INVENTION 

<feseUhe_de^ce-entirely,^ The present invention has the following advantages:{X ? 

(pffiel]separately. reset~means~is pr6^ide^^vmg ~m~e~15a p^^ 

A prior APS pixel is shown in FIG. 1. Pixels are arranged (pjxels.s imultaneousl y ^aT^Ye ^ . This 

in an array (X-columns and Y-rows), to form an image 65 enables simultaneous and equal integration times for each 

sensor. Incident fight creates electrons in the photode lector. pixel and enables the use of a single clamp and sample 

These electrons are transferred onto the floating diffusion amplifier per device rather than per column. 
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BRIEF DESCRIPTION OF THE DRAWINGS prising^additidnal reset tra^to rvgtgg^uinn reset gate7 

„ r ... (28rThec^gijiarResetTr^ 

FIG. 1 is a diagram of a prior art active pixel sensor; the 

FIG. 2Ais a diagram of an active pixel sensor employing present invention as shown in FIG. 2A having Row Reset 

the single pixel reset of the present invention; and 5 Q ate 26. The embodiment shown has a single Row Reset 

FIG. 2B is an alternative embodiment of the invention. Transistor 27, with one Row Reset Gate 26, and the asso- 

To facilitate understanding, identical reference numerals ciated Row Reset Gate Buss 25 for every row and one 

have been used, where possible, to designate identical Column Reset Gate 28 i wit h a corre sponding buss for every 

elements that are common to the figures. column. Therefore, Jhgr^ is^an„ ad^ 

10 ^itKintheembodimenlass to 

DETAILED DESCRIPTION OF THE Cifior^rt^ix^r^i^ 

INVENTION Ttiel^Etectur e^ho 

This invention relates to the field of solid state photo- gegfGate 26^^1^ReM£Gag2g^^^^gp^ 

sensors and imagers, specifically imagers referred to as 1C ^PPjied-to-thenyn order to^reset the-pixel. Frame^Lg 

CacJiv^ix^l^Esbls (APSpit consists of a new pixel 15 ^pJM|py^^^ 

architecture and reset method that provides the ability to ^^XJ^^^^<^m^^xS^m^w^W 

re^rtliird^ic^^ (nepusl^Each pixel is then integrated for a pre-determined 

(filxeTs^pSately 7 period of time and the signal electrons are then transferred 

— . . , « A . , . * m • 1 to and stored on the floating diffusion. Read out is accom- 

A prior APS pixel 10 is shown in FIG. 1. The pixel 10 a ^ selecti ^ desired fow tQ ^ read ^ (u 

compnses a photodetector 11, that can be either a photo- ^ ^ riate row ^ 19) md ^ ^ 

diode or photogate a transfer gate 13 floating diffusion 15 ^ ^ ^ ^ . & ^ ^ 

reset transistor 17, with a Reset Gate 16, Row Select ^ ^ ^ on ^ ^ fc ^ 

Transfer 19, with a Row Select Gate, and Signal Transistor Qn a ^ m a d ^ k Wel ^ js a , ^ 

5. Pixels, such as those shown in FIG. 1. are arranged ,n an ^ bomm of ^ device ^ ^ read fc multi ]exed 

array (^-cohunns and Y-rows), to form an image sensor tQ ^ ^ of ^ Mer ^ ^ oohmm ^ hag 

Operation of this device is done in a manner where incident . \ A , 1.1* *-n * *u 

* , • . 1 , . . m a been read and the column select signal is still present, the 

light creates electrons in the photodetector. These electrons n n . ^ . . , A 77. • , Vuv 

. , , . j . j xtl • * *i_ j - j Row Reset Gate 26 is turned on and the pixel is reset. This 

are then transferred I onto the floatmg difl^ion for Ae desired ^ ^ fe ^ ^ Qn another tor m ^ 

row by turning on Transfer Gate 13 for that row. This signal 30 ^ £ ef ^ ^ ^ si x levd 

is read out by selecting the desired row and by turning on the ^ ^ then occufs ^ ^ rest of th f columns 

desired row select transistor by apphcationof a on-voltage m ^ sin ne of the other pixels have been reset 

to the gate for that Row Select Transistor 19. Each row for TE^SgLb^ 

every column within the matrix is selected separately in this fc^^r^ 

manner. All other rows are turnedofF by applying the asQj^^j^J^ 

appropriate signal to the gate of the respective row select ^^^y^^^p * ^ ' 

transistor for those rows. Hence when selecting a specific r . . . 

column (the details of this operation are not relevant to this Smce * e reset ^S 11 * 1 for that P™ 1 15 available imme ^ 

invention), the signal present on that line will be determined atei V ^ readin g the S1 g nal leve1 ^ w 1 ^ 0111 resettmg the 

by which row is selected (i.e. the row in which row select « other P^ 15 * ^ row > a ^ clam P and sam P le «nphfi« 

transistor is turned on). This signal level is stored on a can be used. Additionally frame integraUon has been accom- 

capacitor in a clamp and sample circuit at the bottom of each plished. 

column. After the signal level has been stored, the floating FIG. 2Bsh ows a secon d preferred architecture w here the 

diffusion 15 is then reset by applying the appropriate Active_Kxel^Sensor(APS).30 ha s Row-Reset.Gate si gnal'36 f 

on-voltage to Reset Gate 16 of the respective Reset Tran- 45 applied to thedralrof the^grtraS ^tor ^37, and-th&TCoiumri 

sistor 17. Every pixel in that row is now reset. That reset Reset^^e^gnal „3,8„is_applied_to-the-gate-of-the~reseP 

level is then stored on a separate capacitor in the clamp and transistor 37_.,Operation is the same as that d e scrib ed above 

sample amplifier, and differenced with signal level, provid- for FIG. 2B^exa:pttl)at olj£j^^ 

ing offset cancellation for each pixel. This entire operation gd^n^ e_upiessjre ajha^^ ^ 

is then repeated for the remaining rows. Each row has the 50 segarat^i gtal ^ 4>nalo^ gJVDD^busses ar e used forthe 

same integration time (time elapsed between reset and prior art pjxel^the^cliitecture of EIG.,2 B. maintains the fill ? 

transfer) but is integrated at a different point in time than cf^toTof me pripr art.pixd^ 

each of the other rows. The invention has been described with reference to a 
The present invention provides a^reset means that pro^J preferred embodiment. However, it will be appreciated that 

yjdejT the c apabihtylqresetlLUln^ 55 variations and modifications can be effected by a person of 

a^the^-c^abiUtynbjj&set one pixel at a~tinje7The ability to ordinary skill in the art without departing from the scope of 

reset alfpixels at one time enables simultaneous and equal the invention. 

integration times for each pixel and enables the use of a 

single clamp and sample amplifier per device rather than per 

column. Two physical embodiments of the new pixel archi- go 5 signal transistor 

tectures are shown in FIGS. 2A and 2B. Other specific 10 prior art device 

physical embodiments are realizable. These two are chosen u photodetector 

for illustration. 13 transfer gate 

Referring to FIG. 2A, a first architecture of an active pixel 15 floating diffusion 

sensor 20 as envisioned by the present invention is illus* 65 16 reset gate 

trated comprising the photodetector 11, transfer gate 13 and 17 reset transistor 

floating diffusion 15 as shown in FIG. 1 and further com- 19 row select transistor 
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20 active pixel sensor (APS) 

25 row reset gate buss 

26 row reset gate 

27 reset transistor 

28 column reset gate 5 
30 second preferred embodiment APS 

36 row reset gate 

37 reset transistor 

38 column reset gate 

What is claimed is: 10 

1. An active pixel image sensing device having a plurality 
of photodetector elements arranged in a matrix of rows and 
columns, each of the photodetectors having a transfer gate 
operatively connecting the photodetectors to a floating dif- 
fusion and a row reset signal that can be applied to reset the 15 
floating diffusion for each row, the improvement compris- 
ing: 

a reset transistor operatively connected to a column reset 
signal that can be applied in conjunction with the row 
control signal to reset any individual floating diffusion 20 
in a given row. 

2. The pixel of claim 1 wherein the reset transistor is part 
of a reset circuit, the reset circuit has the column reset signal 
as an input. 

3. The pixel of claim 1 wherein the reset circuit further 25 
comprises a pair of transistors having a column reset tran- 
sistor placed in a series with a row reset transistor. 

4. The pixel of claim 1 wherein the reset circuit further 
comprises a single transistor having row and column reset 
signals to reset the pixel. 30 

5. The pixel of claim 4 further comprising means for 
antiblooming. 

6. The pixel of claim 5 wherein the means for antibloom- 
ing further comprises means for controlling antiblooming 
independent of the column reset signal. 35 

7. The pixel of claim 5 wherein the means for antibloom- 
ing further comprises the row select signal is connected to 
the drain of the reset transistor. 

8. The pixel of claim 4 wherein the row select signal is 
connected to the drain of the reset transistor and the column 40 
reset signal is connected to the gate of the reset signal. 



9. A method of making an active pixel image sensing 
device having a plurality of photodetector elements arranged 
in a matrix of rows and columns, each of the photodetectors 
having a transfer gate operatively connecting the photode- 
tectors to a floating diffusion and a row reset signal that can 
be applied to reset the floating diffusion for each row, the 
improvement comprising the steps of: 

providing a reset transistor that is operatively connected 
to a column reset signal that can be applied in con- 
junction with the row control signal to reset any indi- 
vidual floating diffusion in a given row. 

10. The method of claim 9 wherein the step of providing 
the reset transistor further comprises providing the reset 
transistor as part of a reset circuit, the reset circuit has the 
column reset signal as an input. 

11. The method of claim 10 wherein the step of providing 
the reset circuit further comprises providing a pair of tran- 
sistors having a column reset transistor placed in series with 
a row reset transistor. 

12. Trie method of claim 10 wherein the step of providing 
the reset circuit further comprises providing a single tran- 
sistor having row and column reset signals to reset the pixel. 

13. The method of claim 12 wherein the step of providing 
the single transistor further comprises providing an anti- 
blooming circuit. 

14. The method of claim 13 wherein the step of providing 
an antiblooming circuit further comprises providing for an 
antiblooming controlling mechanism independent of the 
column reset signal. 

15. The method of claim 13 wherein the step of providing 
an antiblooming circuit further comprises providing a row 
select signal connected to the drain of the reset transistor. 

16. The method of claim 12 wherein the step of providing 
further comprises providing a row select signal that is 
connected to the drain of the reset transistor and the column 
reset signal is connected to the gate of the reset signal. 
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